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Abstract 
Microbial flocculant is a kind of newly developed flocculant,For their biodegradabilityˈhigh performance and 
harmless to environmentˈmicrobial flocculants has draw more and more attentions. This paper summarized a series 
of research and development on preparation of microbial flocculants. The factors that effect microbial flocculation 
and the optimization of the flocculation conditions were studied and discussed systematically. Also discussed the 
advantages and future trends of microbial flocculants in wastewater treatment.  
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1. Introduction 
Flocculant is the use of microbial technology, through fermentation, extraction, refining and get a kind 
of biodegradable and a new type of high security, high efficiency, low-cost non-toxic water treatment [1].
Since Buttemeld [2] screened strains from the activated sludge which can produce flocculant, a number of 
researchers at home and abroad have screened microorganisms capable of producing flocculant. 
Flocculant-producing bacteria are widely distributed in soil and water, and have a wide variety, including 
bacteria, fungi, actinomycetes, yeast and algae. Flocculant composition is varied also, usually by the 
polysaccharides, proteins, DNA, cellulose, sugar, protein, poly amino acids and other components. Most 
of the flocculant material are biologically active substances, biodegradable, no secondary pollution, 
overcome the security issues and environmental pollution problems and also have high flocculation 
characteristics, these lead to broad development prospects and has become a hot research in recent years. 
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2. Research Status 
Louis Pasteur (1876) first reported the phenomenon of flocculation by yeast. Twenty years later, 
Bordet [3] found that certain bacteria have the same effect. U.S. scientists Butterfield[4]was first screened 
from activated sludge flocculant-producing bacteria, until 1976, Nakamura and others[5] filtered 19 kinds 
microorganisms with flocculation capacity from 214 species such as fungi, actinomycetes, bacteria, yeasts 
and other strains , studies of microbial flocculants began. 
2.1 Study Status of Microbial Flocculant 
Nakamuara et al [5, 6] used sojae AJ7002 (Aspergillus) as the raw materials producing the AJ7002 
flocculant. Takagi [7, 8] studied the PF101 flocculant which was producted by genus Paecilomyces, it has a 
good flocculation with Escherichia coli, Bacillus subtilis, Saccharomyces cerevisiae, red blood cells, 
activated carbon, activated sludge, cellulose powder, diatomaceous earth and alumina. Salehizadeh et al [9] 
using flocculant produced by Bacillusfi rmu on the treatment of dye waste water and yeast wastewater, 
made a good flocculation. Currently, in Japan and the United States have a variety of biological flocculant 
powder products and liquid bio-live brands for wastewater treatment, which can quickly clear the 
blockage and can solve the sewage sludge bulking problem. 
China started late in the research and application of microbial flocculant, in recent years an increasing 
number of researchers engaged in the study of microbial flocculants. Zhang benlan [10] screened flocculant 
strain (Ralcaligenes 8724) from activated sludge for chloramphenicol, colored with black liquor and  
other waste water treatment, made a good flocculate- decolorization. Li-zhiliang et al [11] screened six 
microbial flocculant, the fermentation supernatant of them made good removal about COD (rate of 55 ~ 
98%) of black liquor, azo dye wastewater, tannery wastewater, plating wastewater, suspended solids, and 
removal efficiency was above 90% of color and turbidity.  
2.2 Cultivate Conditions of Microbial Flocculant and the Factors that Influence the Flocculation 
2.2.1 Carbon, Nitrogen and the C/N ratio impact on the growth of flocculant-producing strains and 
flocculation 
Kurane [12] made fructose as a carbon source on training Alcaligeneslatu, the production of 
flocculantion were more than any other tested carbon sources, while the use of glucose, galactose and 
fructose were more effective than starch and maltose on flocculation secretion by Alcaligenes cupideus
[13].
In the nitrogen sources, Kurane [14] found that urea and ammonium sulphate did better on the multiply 
of flocculant-producing bacteria and best interests on the producing of microbial flocculants. Wan-meng 
et al [15] also found that urea and ammonium sulphate as inorganic nitrogen source, yeast extract and 
casein hydrolysates for the organic nitrogen can promote the cell growth and flocculent secretion of R. 
erythropolis bacterial. Making ammonium chloride and ammonium nitrate as nitrogen source, may also 
stimulate the growth of bacteria, but the flocculant production is only60% -70%of using urea and 
ammonium sulfate as a nitrogen source. Yoshitaka [16] also found that if the C / N were 60 ~ 114, the 
flocculating activity was better, greater or smaller than this value the flocculating activity would drop 
rapidly. 
2.2.2 The impact of metal ions on the flocculating activity  
Stahl [17] found that divalent ions such as Ca2+ can promote the synthetic of flocculantion by Sac. 
cerevislaec, but with EDTA to remove metal ions, the flocculation activity will be inhibited. Takagi and 
Hakakuno [18] also found that Ca2+ can promote the Paecilomyces sp.'s growth and flocculant, but Fe2+,
Cu2+ was inhibited. Watari [19] found that Fe3+ and Al3+ have effects on the flocculating activity, at low 
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concentrations these two ions can enhance the activity of microbial flocculante, but when reach to a 
certain concentration,  the flocculating activity will reduce. 
Yin Hua et al [20] studied the metal ions on the flocculant GS7 flocculating activity, and found that a 
certain concentration of charged ions such as Ca2 +, Mg2 +, Fe3 + , A13+ and play a catalytic role on the 
flocculation, which may be due to the higher charge density of charged ion, so as to achieve good 
flocculation effect. 
2.2.3 The effect of pH  
The optimum flocculant-producing bacteria have optimum pH value range. Their optimum pH of 
focculant producing bacteria are slightly difference of the optimum pH value for growth. Endo [21] studies 
have shown that, if keep the pH at 6, the growth of A.soja would be strong, but does not exhibit 
flocculating activity. Kurane et al [12] screened R. erythropolis in an alkaline environment which can 
produce more of the flocculant, and the optimum pH was from 8.0 to 9.5. Deng-shubo et al [22] selected
the Aspergillus parasitic strain from Mildew, when the initial pH is 3.0. It has strong flocculation of 
kaolin.  
2.2.4 Influence of culture temperature 
The culture temperature has significant impact on the production of microbial flocculant. Generally, 
the optimum temperature between 25 ~ 35 ć. Temperature has great influence on the activity of some 
microbial flocculant, because high temperature changed the structure of the protein or peptide chain that 
included in the flocculant., leading to degeneration.  
2.2.5 The ventilation on the growth of microbial flocculant and flocculant activity 
As flocculant-producing bacteria are aerobic bacteria [23], increasing the ventilation at early training are 
benefit for the growth of microbiology, but also can prevent the formatting large group of flocculation, 
while reduce the ventilation latter may be appropriate. Huang-minsheng et al [24] found that under aerobic 
conditions, many white rot fungi have broad spectrum of dye decolorization and degradation. But 
excessive aeration on Rhodococcus cells had little effect, while the flocculant production reduced greatly. 
3. Application of Microbial Flocculant 
Compared with synthetic organic or inorganic polymer, flocculant flocculation has many 
characteristics such as wide range, high activity, safe and do not pollute the environment, so it can be 
widely used in water supply and sewage treatment. Kurane[25]added l00mlCa2+solution and 5ml 
Rhodocodduserythropolis culture in 80ml livestock wastewater , it can make TOC values decreased from 
1420mg / L to 425mg / L, the TN value decreased from 420mg / L to 215mg / L, while OD660values also 
decreased from 8.6 to 0.02, and the water was colorless and clarify. Kaewchai [26] found that Bacillus 
subtilis WD90, Bacillus subtilis SM29 also have good flocculation on the wastewater of palm oil mill. 
Under aerobic conditions, palm oil mill effluent, respectively, after treatment of these three strains about 
48h, can bleaching from black to pale yellow brown, and no oil separation.  
4.  Conclusion 
Currently bioflocculant also largely remain in the laboratory research stage, if we want to make 
large-scale industrial applications, more depth study are need, such as microbial synthesis conditions and 
the impact factors that influence flocculating activity. At the same time, for different water quality and 
environment, there are more requirements and limitations, so we should give full consideration on the 
conditions of flocculant preparation and application. The wide applications of microbial flocculant in our 
water and wastewater actual processing also need us to do a lot and make further trials and research.
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